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5th Medical Detachment, 18th Medical Command, Yongsan Garrison, Seoul, Republic of Korea
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ABSTRACT, Since 1993, more than 2,0OO cases of vivax malaria have occurred in the Republic of Korea in
an epidemic that ended nearly 20 malaria-free years. Most malaria has occurred in the northwestern part of the
country, mainly affecting Korean military personnel. As a part of an operational surveillance effort, we sampled
mosquitoes in and near the Demilitarized Zone (Paju County, Kyonggi Province) during the last 2 wk of July
in 1996 and from May 15 to September 10 in 1997. The 1st year, landing collections were done at 5 different
sites; the 2nd year, carbon-dioxide-baited light traps at 5 sites, larval collections in 10 adjacent fields, and
landing collections at 1 site in the Demilitanzed Zone were performed weekly. Of 17 species collected, Anopheles
sinensis was consistently the most abundant mosquito, comprising 79-96Vo of mosquitoes. The diel pattern of
biting by An. sinensis varied by location and season, with the majority of individuals biting late at night during
warm weather (>20"C) and early at night during cool weather. In contrast, Aedes vexans nipponii (the 2nd most
abundant species) bit in the greatest numbers at the same time all season, from 2000 to 2300 h. Among the
correlates with abundance of An. sinensis were average nighttime temperature 2 wk previous to the night in
question, wind late at night (negatively correlated), and apparent size of the moon (negatively correlated). The
data showed that the exact number of An. sinensis biting could not be estimated from numbers collected in
carbon-dioxide-baited light traps. On the other hand, a threshold of 15 An. sinensis per trap night corresponded
(88Vo accttacy) to a threshold of 12 mosquitoes biting 2 adjacent collectors per night. Larval collections were
also significantly correlated with landing collections, despite inexact sampling methods and separation of the
larval habitat from the site where landing collections were performed. Operational entomology assets using
nighttime temperature records, carbon-dioxide-baited light traps, and larval collections should be able to target
their efforts in Korea more efficiently.
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INTRODUCTION
The Republic of Korea (ROK) currently is ex-
periencing an expanding epidemic of Plasmodium
vivax malaia (Feighner et al. 1998, Lee et al.
1998). The lst case in the last 2O years occurred in
1993 (Chai et al. 1994), followed by 2 more cases
in 1994 (Cho et al. 1994). Since then, the number
of new malaria infections has risen exponentially
to the unofficial total of more than 1,600 cases in
ROK military personnel in 1998, despite applica-
tion of chemoprophylaxis to 35,000 ROK troops
(Seminar for Malaria Control, Korean National In-
stitute of Health, November 25. 1998). The lst 3
cases included 2 Korean soldiers stationed near
Panmunjom, Paju County, Kyonggi Province. The
other case was a civilian woman in the nearby town
of Munsan, only 4 km from the edge of the De-
militarized Zone (DlvlZ) separating the ROK from
the People's Democratic Republic of Korea
(PDRK). During the next 4 years, the outbreak
'The views of the authors do not purport to reflect the
position of the Department of the Army or the Department
of Defense (para 4-3, AR 360-5). Mention of specific
products should not be considered an endorsement.
' To whom corespondence should be addressed at De-
partment of Entomology, Walter Reed Army Institute of
Research, Washington, DC 20307-5100.
3 Present address: 10852 CTY NN. Milton. WI 53563.
spread to many points near the border from Chor-
won west to Kangwha Island and south to Inchon
and Seoul (Lee et al. 1998). More infected soldiers
(total of 1,596 cases from 1993 through 1997, in-
cluding 40 cases in U.S. Army personnel; Feighner
et al. 1998) than infected civilians (total of650 cas-
es, Lee et al. 1998) have been detected.
Malaria is not new to Korea (Paik et al. 1988).
In 1910. the lst documented cases were described
from occupying Japanese forces and Korean civil-
ians distributed throughout the peninsula. The num-
ber of cases declined steadily during the 1930s for
unknown reasons. Malaria again became a major
problem during the Korean War (1950-53), when
U.S. forces suffered a 6.6Vo attack rate. In 1960,
the ROK and the World Health Organization initi-
ated the National Malaria Eradication Service
(NMES). The NMES performed active and passive
case detection documenting widespread distribution
of vivax malaria in 1960, with the greatest number
of cases in the eastern mountains (Kyungsang Puk-
do Province). Treatment of cases, vector control,
and a general improvement in living conditions re-
duced malaria transmission so that by 1965 the only
areas with malaria were northwest of Seoul (in-
cluding the area where the current epidemic start-
ed), east of Seoul, and the eastern mountainous
area. The NMES was disbanded in 1970 when ma-
laria was very much reduced. A thorough search in
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Fig. l. Map of study sites in military-controlled area
of Paju County.
1986 failed to find a single case in the area where
malaria had once been most prevalent.
The principal purpose of the current study was
surveillance of malaria vectors as part of a suc-
cessful effort to protect U.S. forces serving near the
DMZ in Paju County. In 1996, only a 2-wk period
was sampled at the time when the vector was
thought to be most abundant. We correctly assumed
that the epidemic would increase in 1997, so we
planned more extensive vector surveillance in order
to make the following determinations: what non-
vector species of mosquitoes are likely to generate
complaints about biting in the DMZ; whether diel
periodicity of Anopheles sinensis Wiedemann var-
ied seasonally; whether carbon-dioxide-baited light
trap and larval collection data could be correlated
to biting collections of An. sinensls; and whether
temperature, wind, and moon could be used to pre-
dict the biting rate of An. sinensis.
MATERHLS AND METHODS
Study site: This study was conducted in a mili-
tary-controlled area north of the Imjin River near
Panmunjom (37'55'N, 126"38'E; Fig. 1). The area
consisted of low wooded hills interspersed with val-
leys usually planted in rice. Intensive rice culture
had resulted in a drainage pattern dominated by hu-
man-managed irrigation, with few natural streams
or ponds. Other crops in the area included peppers,
corn, and ginseng. Large domestic animals were lo-
cated at only a few sites, probably because of a
curfew on civilian nighttime activity. Dairy cattle
were present in Tongil'chon and a pig farm and
some domesticated deer were present in Tae-
song'dong. The area included numerous ROK and
American military activities, including garrisons,
training areas, and weapon ranges. A broad valley
at least 2 km wide was located on the other side of
the border in the PDRK. This valley was almost
completely cultivated in rice, which was observed
on several occasions to be worked with oxen by
residents of nearby villages. Higher ground to the
north ofthe valley rose into a range ofrocky moun-
tains that lacked wooded cover. The population on
the PDRK side of the border also included consid-
erable numbers of soldiers, who were sometimes
visible from the DMZ.
Sampling in 1996: Landing collections were
made from 1800 to 0600 h, with I pair of soldiers
collecting for 2 h and then switching with another
pair of soldiers. All landing mosquitoes were cap-
tured with an aspirator and then blown into a paper
carton cage, separating each hour's collection. Col-
lectors wore the standard U.S. Army field uniform
(Battle Dress Uniform, not treated with permethrin)
and sat with the legs of the trousers rolled up to the
knee. Most mosquitoes were collected from ex-
posed skin on the collector's own legs; however,
mosquitoes anywhere on exposed skin were cap-
tured. Occasions occurred when it was more con-
venient for a collector to capture a mosquito from
his partner. Temperature and wind speed (as maxi-
mum value during 90 sec) at the site of the collec-
tion were both recorded at the beginning of each
hour.
Five locations within l0 km of each other were
sampled in 1996. The placement of collectors at
each location was chosen based on practicality and
proximity to the representative population. The de-
cision was made to place collectors at a small dis-
tance (10-50 m) from military or civilian residents
for 2 reasons. First, collectors were active all night
so that their presence would have been disruptive
for local residents and, 2nd, the number of mos-
quitoes attracted to collectors was less likely to be
influenced by movement of residents. Tongil'chon
was a village with approximately 1,000 inhabitants,
modern masonry housing, paved streets, running
water, and electricity. Collections were made at the
edge of the village on a small dairy farm overlook-
ing a valley with rice fields. Camp Bonifas was a
military post adjacent to the DMZ bordered on I
side by rice fields. The West Bonifas site was less
than 50 m from the rice fields, whereas the East
Bonifas site was in the angle of low hills and at
least 300 m from the nearest rice field. Observation
Point Oullette was on a steep hill (lOO m high)
inside the DMZ and directly adjacent to the Mili-
tary Line of Demarcation between the 2 Koreas.
Collections were made just south of the crest of the
hill. Taesong'dong was the only ROK civilian vil-
lage in theDMZ, with approximately 750 residents.
Collections were made near the church, within site
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of both giant flags raised on towers by the ROK
and the DPRK.
Sampling in 1997: Following the resulrs of 1996,
we were particularly concerned about the possibil-
ity of seasonal variation in diel periodicity that
would have affected the efficacy of insecticidal fog-
ging. In addition, the work was designed to find a
correlation between light trap, larval, and landing
collections, so that light trap and larval survey re-
sults could be interpreted according to real risk to
soldiers. These efforts also provided data that could
be used to test the correlation between weather fac-
tors and landing collections. By recording the oc-
currence of nonanopheline mosquitoes, we devel-
oped information on the biting pressure to be
expected from nonvector species.
Weekly light trap (Solid State Army Miniature
trap, Driggers et al. 1980) and landing collections
were made at Taesong'dong from May 15 to Sep-
tember lO, 1997. Only the week of July 9 was
missed, because of a military alert. Traps were
hung from a tree or fence about 1.5 m above the
ground. Each trap was operated with the light on
and was baited with carbon dioxide provided by
dry ice in an insulated, l-liter jug with an open pour
spout. Using this arrangement, the dry ice always
lasted the entire night. The locations of traps in-
cluded Taesong'dong (approximately 300 m from
the landing collection site) and 4 weapons training
ranges (designated Texas, Kansas, New Mexico,
and Oklahoma) located within 15 km of Tae-
song'dong. Larvae were collected from lO rice
fields on the morning after each landing collection.
The fields were across the road (Highway 1) from
Warrior Base, located I km from Camp Bonifas and
4 km from Taesong'dong. In an effort to perforrn
larval collection in a standard manner. 4 collectors
spread out among the fields and captured as many
anopheline larvae as possible during 30 min of dip-
ping with a shallow pan (20 X 36 cm). Each week,
a subsample of the larvae was reared to the adult
stage for identification.
Analyses: Morphologic characters of adults (K.
W. Lee 1998) were used to identify mosquitoes.
Although the characters used to distinguish be-
tween An. sinensis and An. lesteri Baisas and Hu
were sometimes obscured in light trap samples,
landing collections produced specimens in much
better condition. Representative specimens were
deposited in the collection of the 5th Medical De-
tachment, 18th Medical Command, Yongsan Gar-
rison. Seoul. ROK.
Excel97 (Microsoft Corp., Seattle, WA) or SPSS
(SPSS for Windows, Release 6.1.2, SPSS Inc., Chi-
cago, IL) software were used to perform statistical
analyses. Excel9T calculated linear regression and
SPSS performed chi-square tests of 2 X 2 contin-
gency tables (Crosstabs procedure with Pearson's
estimate of chi-square), analysis of variance (one-
way ANOVA with Duncan's multiple range test),
cross correlation (Graphs, Time Series, Cross Cor-
relations), and 2-tailed, linear partial correlation
(Correlation, PartiaD. Phases of the moon and times
of sunrise and sunset were calculated using the In-
teractive Computer Ephemeris (Version 0.51, U.S.
Naval Observatory Nautical Almanac Office,
Washington, DC).
The relationship between light trap and landing
collections was studied by performing linear re-
gression on the log of total female An. sinensis in
the Taesong'dong trap, the mean of females per trap
for all 5 light traps, and females captured by 2 col-
lectors per night. Only 3 observations from the Tae-
song'dong light trap had no An. sinensis, which
then required adjustment by adding l. All other ob-
servations were greater than zero, so that a log(r *
1) adjustment was not necessary.a The analysis in-
volved a test of the possibility that the ratio of light
trap to landing collections was related to density of
mosquitoes. We performed the same analysis as
Lines et al. (1991) on our data, regressing the ratio
of the log of light trap and landing collections on
the geomeric mean of light trap and landing
counts.
In a separate analysis, we examined the signifi-
cance of a threshold number of female An. sinensis
in light traps that might correspond to a minimum
number of biting mosquitoes. This analysis was ac-
complished by comparing a series of threshold val-
ues of the mean of all 5 light traps to a minimum
biting rate (>12 bites per night for 2 collectors).
The correspondence of each threshold value was
evaluated for standard epidemiologic measurements
(sensitivity, specificity, and accuracy) and tested for
significance by chi-square (Griner et al. 1981). The
threshold with the greatest accuracy and sensitivity
was considered the most appropriate.
RESULTS
Although the data from 1997 were more exten-
sive, the 1996 data had the advantage of greater
replication over a short period of time and sampling
from several different sites, Anopheles sinensis was
consistently the most abundant biting mosquito in
1996, comprising 79.3-95.8Vo of the mosquitoes
a Avoiding this adjustment overcame the objection of
Smith (1995) to the analysis of Lines et al. (1991). Smith
(1995) was concerned (for landing collections represented
by x and light trap collections represented by y), that
whereas for constant xly and, changing mosquito density
values the ratio of log(-r) to log(v) would be constant, the
ratio of log(-r + l) to log(y + l) would not be constant.
Because log conversion was considered necessary to
achieve linearity, the inequivalence of log(,r) and log(x f
l) would make it difficult analyze constancy of the ratio
of landing to light trap collections with respect to mos-
quito density. Smith (1995) suggested that the problem
could be avoided if collections were sufficiently large to
avoid the log(x + l) conversion or by using Poisson re-
gression techniques. Our data allowed us to use the former
solution.
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Table 1. Mosquitoes captured >5 times in landing collections at 5 locations in and near the DemilitarizedZone,
Republic of Korea, between July 23 and August 2,1996.
Location (No. of nights of collection)
l 03
Species
E Bonifas (4) Oulleue (2)
No. l Va2 No.
Taesong (5) Tongil (2) W Bonifas (6)
No. Va VoNoNo.
Anopheles sinensis
An. lesteri
An. yatsushiroensis
Culex pipiens
Aed,es vexans
Ae. alboscutellaras (Theobald)
376.2 95.8
6 .0  1 .5
0.8 0.2
6 .2  1 .6
1.5 0.4
1 .0  0 .3
163.0 86.5
5 .5  2 .9
3 . 5  1 . 9
1 .0  0 .5
8.5 4.5
0 0
'72.2 79.3
1 . 6  1 . 8
2 . 8  3 . 1
10.2 tl.z
2.O 2.2
o.4 0.4
87.0 87.4
s .0  5 .0
0.5 0.5
3 .5  3 .5
2.O 2.O
0.5 0.5
278.2 88.2
5 . 7  1 . 8
1 .2  0 .4
8.3 2.6
21.7 6.9
0 0
'Per night per 2 collectore.
' Of total at that location.
collected at the 5 sites (Table 1). The next most
abundant biting species, Aedes vexans nipponii
(Theobald), exceeded 0.5 bites/person/h at only I
site, West Bonifas. Anopheles sinensis, An. lesteri,
An. yatsushiroensis Miyazaki, Culex pipiens pal-
/ens Coquillett, and Ae. vexans nipponii were the
only species present at all 5 sites. Species collected
landing on humans less than 5 times were An. si-
neroides Yamada, Cx. bitaeniorhynchus Giles, Cx.
orientalis Edwards, Cx. mimeticus Noe, Cx. tritae-
niorhynchus Giles, Ae. koreicus (Edwards), Ae. al-
bopictus (Skuse), Ae. esoensis Yamada, Ae. nippon-
icus LaCasse and Yamaguti, and Armigeres
s ubalb atus (Coquillett).
The species of mosquitoes collected in landing
collections in 1997 followed several different pat-
terns of seasonality (Table 2). All abundant species
persisted until late in the season (September), but
some appeared earlier (in May, Ae. vexans, An. si-
nensis, Cx. pipiens) than others (in June, Ae. ko-
reicus, Ae. albopictus, An. lesteri, Cx. bitaenior-
hynchus). The earlier group gradually increased to
mildmum numbers later in the year (August 6-27).
In contrast, the later group of species reached max-
imum numbers relatively soon after their lst ap-
pearance (July 16-August 6). Examining the 2 most
abundant species more closely (Fig. 2), Ae. vexans
lst appeared early in the season (May) and gradu-
ally increased in numbers through a series of prob-
ably 3 broods. Anopheles sinensis increased sud-
denly in late June and peaked late in the season.
The diel pattern of landing by An. sinensis was
not the same at each location in 1996 (Fig. 3). The
pattern of landing at East Bonifas (n : 4 nights)
and Tongil'chon (n : 2 nights) was biphasic. In
contrast, the pattern of landing at Taesong'dong (n
: 3 nights) and West Bonifas (n : 6 nights) was
a single, late-night peak. Despite this variation in
diel pattern at different locations, it was still useful
to examine the pattern of activity of landing mos-
quitoes for all locations during a short sampling
period (2 wk), which represented a single point in
the seasonal cycle of abundance. The average pat-
tern for the entire area during late July (determined
by summing hourly landing collections from all lo-
cations for a total of 19 nights) was a peak in land-
ing late at night. Analysis of variance of all loca-
tions showed significant differences in number of
landing An. sinensis between hours of collection (F
: 3.05, dt : ll,216, P : 0.0008), with statistically
Table 2. Seasonality of mosquitoes collected more than oncer in landing collections during 1997 at Taesong'dong
Date of
Species Total collected First collection Lastcollection Hiehestcollection
Aedes vexans
Anopheles sinensis
Culex pipiens
Ae. koreicus
Ae. albopictus
Ae. esoensis
An. lesteri
An. yatsushiriroensis
Cx. bitaeniorhynchus
Cx- orientalis
Armigeres subalbatus
Ae. nipponicus
Ae. alboscutellatus
Cx. tritaeniorhynchus
521
1,164
70
66
9
105
5
150
1 0
1 6
i
4
t 6
May 15
May 15
May 15
June 4
June 1 1
June I I
June I I
June 24
June 24
July 16
July 23
July 23
Aug. 13
Aug. 13
Sept. l0
Sept. l0
Sept. 10
Sept. 3
Sept. 10
Sept. 3
Sept.  10
Iuly 23
Sept. 3
Sept. 3
Sept. 10
July 28
Aug. 13
Sept- 10
Aug. l3
Aug.27
Aug. 6
July 16
Iuly 23
htly 23
Aug. 6
htly 3-23
July 28
Aug.27
Aug.27
July 28
Aug. 13
Aug. l8
I Species colltrted only once: Cx- vagans Wiedemann, May 15; Ae. bekkui Mogi, June l8; Mansonia unifomis (Theobald), Aug. 18.
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Fig.2. Seasonal occurrence of Anopheles sinensis and
Aedes vexans in landing collections (per 2 collectors) in
1997 at Taesong'dong. Note that no sampling took place
on July 9.
homogeneous groups of 1800-0200 h and 0500 h,
2300-0300 h, and 0200-O400 h. The diel landing
pattern of An. sinensis was unique among the 16
species collected in 1996 (Table 3). Many of these
species were collected rarely, but the data are in-
cluded because studies concentrating on these spe-
cies are unlikely to occur in the near future. The 2
species with diel patterns of landing most similar
to An. sinensis were An. lestei and, Cx. pipiens pal-
lens. Culex bitaeniorhynclrzs was collected only 4
times and Ae. esoensis only once, but these includ-
ed late-night collections. All other species were
most frequently collected within 2 h after sunset
(time of sunset between 1942 h and 1951 h during
this period). The greatest variety of mosquitoes (10
species) was collected between 2100 h and 2300 h
and the least variety (1 species) between 1800 h
and l9OO h.
Seasonal analysis of An. sinensis and Ae. vexans
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Fig. 3. Hourly distribution of Anopheles sinensis captured in landing collections (mean per night for that hour for
2 collectors) during July 23-August 2, 7996, at 5 locations near Panmunjom. Graph for all sites is mean for each hour
per night for all locations sampled.
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Thble 3. Total hourly collections of all species of rnosquitoes captured in landing collections (19 all-night collections) at
5 different sites near Panmunjom during July 23-August 2,1996.
ffi
Species 1800 1900 200 0 2too 2200 2300 2400 0100 0200 0300 0400 0500
I U J
222 285 391 379 358 410 785 850 229
8 8 1 0 1 4 1 0 8 1 0 9 2
6 3 2 2 2 3 2 0 1
1 0 0 0 0 0 0 0 0
1 4 2 3 2 5 1 5 9 1 8 1 5 7 1
1 1 0 0 0 1 1 0 0
2 0 1 1 0 0 0 0 0
1 1 0 0 0 0 0 0 0
0 r 0 0 0 0 0 0 0
1 7 9 7 8 6 1 1 3 0
o 0 0 1 0 0 0 1 0
2 t 0 1 0 1 0 0 0
o 1 0 0 0 0 0 0 0
o 0 0 0 0 0 0 1 0
o o o o 0 0 0 0 0
l08
8
1 1
o
9
0
0
0
0
t14
l 1
z
2
o
z
1 2
0
0
o
0
0
0
0
0
0
0
o
o
o
o
6
0
0
o
0
0
0
0
0
0
0
0
0
0
0
Anopheles sinensis
An. lesteri
An. yatsushiroensis
An. sineroides
Culex pipiens
Cx. bitaeniorhynchus
Cx. orientalis
Cx. mimeticus
Cx. tritaeniorhynchus
Aedes vexans
Ae. koreicus
Ae. alboscutellatus
Ae. albopictus
Ae. esoensis
Armigeres subalbatus
in 1997 showed that there were 4 statistically dis-
tinct parts of the season based on the ANOVA and
Duncan's multiple range test. These 4 time periods
were May l5-June 18 (6 wk), June 24-July 23 (4
wk), July 28-August 18 (4 wk), and August 27-
September 10 (3 wk). The pattern of diel period-
icity and the total number of mosquitoes both var-
ied seasonally (Fig. 4). Most An. sinensis bit early
at night (before 23OO h) in the lst part of the sea-
son, tbroughout the night during June 24-July 23
(peak at 22OO45OO h), very late at night during
July 28-August 18 (peak at 0200--0500 h), and ear-
lier at night from August 27 to September 10 (peak
at 2O00-23OO h). Changes in time of sunset (1937
h on May 15, 1959 h on the summer solstice, and
1850 h on September l0) and sunrise (0524 h on
May 15, 0511 h on the summer solstice, and 0611
h on September l0) were not great enough to be
the cause of these seasonal changes in diel landing
pattern. Although difficult to correlate with diel
landing pattern or total number of An. sinensis,
wind speeds decreased in the latter half of the sea-
son (after JuIy 23), particularly in the early evening.
Nightly variation in temperature documented dur-
ing ll consecutive nights in 1996 provided some
replication of the temperature profile during the
peak of the season for An. sinensis (Table 4). Sea-
sonal changes in the hourly pattern of temperature
during 1997 were related to changes in the diel
landing collection pattern of An. sinensis (Fig. 4).
In the early part of the season, temperature quickly
descended below 20'C, conesponding to a decrease
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